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A METHOD FOR DATA TRANSMISSION IN A CELLULAR 
TELECOMMUNICATION SYSTEM 




5 



FIELD OF THE INVENTION 



The present invention relates to a method for data 



transmission in a cellular telecommunication system. In 
particular, the present invention relates to a method for 
10 data transmission with interference reduction in cellular 
telecommunication networks . 

BACKGROUND OF THE INVENTION 

15 Recently, cellular telecommunication networks operating, 
for example, according to the GSM standard have widely 
spread. 

A) Cellular network structure 

20 

Generally, such networks consist of a plurality of cells. 
Within each cell, at least one locally fixed transceiver 
device is provided. Such a fixed and immobile transceiver 
device (a first type) named base station BS or base 

25 transceiver station BTS, respectively, establishes 

communication on a radio link (Urn interface) to a plurality 
of mobile transceiver devices (a second type) named mobile 
station MS present within the cell. The cell architecture 
is hierarchically organized in that each respective base 

30 station BS is linked to a so-called base station controller 
device BSC, which controls the base station devices BS in 
the plurality of respective cells. Each such base station 
controller device BSC, in turn, communicates with a so 
called mobile switching center MSC, which controls a 

35 plurality of the BSC devices and provides for a possibility 
to access a public switched telephone network PSTN like for 
example an ISDN network. 
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The cellular architecture of such telecommunication 
networks is such that each cell is surrounded by, in 
general, six neighboring cells each of which is provided 
with a respective base station device BS . Each base station 
BS is designed and dimensioned such that its transmission 
power covers at least the area of the respective cell for 
establishing radio communication between the base station 
device BS and mobile stations MS present within the cell. 
Practically, however, the cell borders can not be assumed 
to be strict, but the cells have rather to be regarded as 
partially overlapping each other in terms of the 
transmission range of the base stations. Consequently, 
interference problems are likely to occur at cell borders, 
when a mobile station MS (second type transceiver device) 
receives signals from more than one base station BS (first 
type transceiver device) of adjacent cells, as will be 
detailed further below. 



B) Transmission principle 



In such cellular telecommunication networks, there exists a 
first transmission direction from the first type of 
transceiver devices, namely the base stations BS , to the 
mobile stations MS as the second type of transceiver 
stations. This transmission called downlink DL means that 
the base station BS sends data and the mobile station MS 
receives data. A second transmission direction is the so 
called uplink transmission UL. Then, the mobile station MS 
sends data to the base station BS and the base station 
receives the data. 



Cellular telecommunication systems operate according to the 
principle of TDMA , i.e. Time Divisional Multiple Access. 
This means, that the transmission of data is effected on a 
respective channel (associated to a predetermined 
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frequency), and the transmission time available on each 
channel is shared by a number of mobile stations MS. 
The data as such are transmitted in downlink DL as well as 
in uplink UL transmission in units of bursts, each burst 
5 occurring during a predetermined period of time, a so- 
called time slot TS . A predetermined number n of time slots 
TS[j], 0<;j<;n-l is defined to form a frame F. According to 
GSM specification, n=8 time slots TS , namely TS[0], . 
TS[7] form a frame. Thus, at a maximum, n mobile stations 
10 may communicate with a base station and vice versa every n- 
th time slot, assuming that a full rate speech . traffic 
q channel is used. However, it has to be noted that in case a 

■5 half rate speech traffic channel is used, 2*n mobile 

ij; stations MS may communicate per frame with a base station 

S 1 15 BS. 

fjj Hitherto, a transmission between a base station BS and 

f respective mobile stations MS was arranged such that 

downlink transmission DL occurred during a first frame 
W 20 F[i], while the reception of the "answers" of the 
;^ respective mobile stations, i.e. uplink transmission UL, 

5 occurred in a subsequent frame F[i+1]. The succession of 

frames occurs in the so called multi-frame structure, 

adopting a 26-frame multi-frame for speech and data 
25 transmission and a 51-frame multi-frame for transmission of 

signaling information . 

Most recent developments, however, have lead to a 
transmission principle of TDD/ TDMA in cellular networks. 

30 That is, within a cellular network operating according to 
TDMA , time divisional duplex TDD is additionally 
introduced. In general, time divisional duplex means that 
sending and receiving of data is performed on a single 
frequency or channel and is shifted in tim e. Stated in 

35 other words, in connection with the transmission in frame 
units according to TDMA, within a frame F transmitted on a 
respective channel, there occurs sending of data in one 
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time slot TS[j] and reception of data in a subsequent time 
slot TS[j'] within the same frame. In particular, according 
to the principle of TDD, sending and reception is performed 
alternately within time slots of a frame. For example, 
considering a base station transceiver device BS , sending 
or downlink DL, respectively, is performed in time slots 
having an odd number, while reception or uplink UL, 
respectively, occurs in time slots having an even number. 
Fig. 1 illustrates an example for such an assignment of 
time slots TS[j] within a frame F in conventional TDD/TDMA 
transmission. It should however be noted that it is also 
possible that uplink UL occurs in time slots having an odd 
number, while downlink DL occurs in time slots having an 
even number. Alternatively, in TDD operation it is also 
conceivable to adopt a different alternating time division 
between uplink and downlink such that, for example, uplink 
occurs for two immediately subsequent time slots TS (TS[j]& 
TS[j+l]), and that downlink occurs for two further 
subsequent time slots TS (TS[j+2) & TS[j+3]). 

However, in TDD operation or TDD/TDMA operation of a 
cellular telecommunication network there exists a problem 
that depending on the specific case interference between 
uplink and downlink transmission may occur. 

Now, some of these different problem cases are subsequently 
discussed . 

• Interference problems in asynchronous networks 

As set our above, a cellular network is provided by a 
plurality of base station transceiver devices BS , one per 
each cell. Such a network is operating asynchronously, if 
the respective base stations are not synchronized with 
respect to each other. If, however, the respective base 
stations are not synchronized, uplink and downlink 
transmission in neighboring or adjacent cells will occur at 
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different times. Consequently, if for example a mobile 
transceiver device MS is close to a cell border, i.e. in an 
area where the transmission ranges of at least two base 
transceiver devices BS of adjacent cells are overlapping, 
uplink transmission (sending) causes interference to 
downlink reception close to that mobile transceiver device 
MS . 

• Asymmetric division between uplink and downlink 

In case the time division between uplink and downlink 
differs from cell to cell, i.e. between respective base 
stations BS1 and BS2 associated to a first and second cell, 
respectively, interference between uplink and downlink 
occurs at the cell borders of adjacent cells having 
asymmetry or different time division, respectively. Fig. 2 
illustrates an example for such a situation of base 
stations BS1 and BS2. As shown, interference problems may 
occur in time slots TS [ j ] , with j E {1, 2, 5, 6}, since on 
one channel, uplink and downlink transmission is 
simultaneously present within the same time slot. 

• Several operators / several multiple access methods in 
the same band and in the same area 

The above description has heretofore been made for the 
case of a single cellular network only. That is, the 
cellular structure relates to the network operated by a 
single network operator only. 

In practice, however, due to the increasing demand for 
mobile communication, it is rather the case that several 
network operators each run a cellular network in the same 
area. Moreover, these different networks may even use the 
same frequency band. 

Therefore, even if the cells, i.e. the base stations 
in respective cells, within the cellular network of one 
operator are synchronized, there still remains the 
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difficulty to synchronize the networks of several 
operators. Consequently, it is desirable that all networks 
within the same area and/or in the same frequency band 
should have the same asymmetry and adopt the same time 
division between uplink parts and downlink parts of a 
respective TDD/TDMA frame. 

However, such a desired synchronization becomes even 
impossible, if the different operators are using different 
radio access techniques with different frame lengths. For 
example, in WB-TDMA (Wide Band Time Divisional Multiple 
Access) the frame length (of eight time slots) is 4.615 ms , 
while in WB-CDMA (Wide Band Code Divisional Multiple 
Access) the frame length is 10 ms . Fig. 3 illustrates such 
a situation for two base stations BS1, BS2 operating 
according to different radio access techniques. It has to 
be noted that the WB-CDMA frame is shown for time slots 
TS[0J to TS[5] only and is therefore illustrated 
incomplete. Nevertheless, it becomes clear that nearly two 
time slots of the WB-TDMA frame are transmitted during the 
period of a single time slot of the WB-CDMA frame. Hence, 
interference problems are very likely to occur in such a 
situation . 

The above example has been described to illustrate the 
principle problems in such a case. However, it does not 
represent the current trend of actually implemented 
systems. According to the latest decision taken by ETSI 
(European Telecommunication Standards Institute), the 
principle of WB-TDMA is no longer considered for the 
transmission via the air interface (Urn interface). Instead, 
for Europe it has been decided that frequency division 
duplex FDD is based on WB-CDMA and TDD is based on TD-CDMA 
(=time division CDMA = CDMA/TDMA) . The frame length of both 
modes, FDD and TDD, is 10 ms . However, TDD mode is designed 
to form one frame of 16 time slots. Therefore, also in such 
a case of different numbers of time slots of respective 
different transmission modes during the same frame period, 
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similar problems as those described herein above will 
apparently manifest - 

Although networks operating according to DECT standard 

5 (Digital European Cordless Telephone) have recently been 

proposed, which are synchronized , the above mentioned 

second and third type of problems are still not solved in 
such networks . 

10 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

provide a method for data transmission in a cellular 

telecommunication system, by means of which interference ^ 
15 problems can be reduced. 

According to the present invention, this object is solved 
by a method for data transmission in a cellular 
telecommunication system, in which system data are 

20 transmitted in units of bursts, each burst occupying a time 
slot of one of consecutive frames, each respective frame 
comprising a predetermined number of time slots, and, 
within a single time slot of each frame, data can be 
transmitted between a first transceiver device and a 

25 respective one of a plurality of second transceiver devices 
in a first transmission direction from said first 
transceiver device to said respective second transceiver 
device or in a second transmission direction from said 
respective second transceiver device to said first 

30 transceiver device, wherein during a first frame of 

consecutive frames respective second transceiver devices 
perform transmission with said first transceiver device 
during a time slot assigned thereto for transmission, and 
during a subsequent second frame of said consecutive 

35 frames, respective second transceiver devices perform 

transmission with said first transceiver device during a 
different time slot assigned thereto for transmission- 



SUBSTITUTE SHEET (RULE 26) 



WO 99/63686 



PCT/EP98/032I8 



Advantageous further developments of the present invention 
are as set out in the dependent claims. 

In particular, the invention adopts a transmission 
principle such that transmission in a respective 
transmission direction UL, DL between a base station BS and 
a respective mobile station MS is no longer performed in 
fixed time slots within frames. That is, by changing a 
respective time slot TS for transmission between a base 
station BS and a respective mobile station MS from frame to 
frame, time hopping within a TDD frame is effected. Such 
time hopping. may occur over all time slots of a respective 
frame either for uplink or downlink, or for both, uplink 
and downlink transmission within a TDD frame. 

Due to the time hopping over all time slots of a frame, 
there is no longer an uplink part and/or downlink part 
present in the frame. Th erefore , interference is averaged 
between transmission directions, operators and adjacent 
cells. Thus, due to interference averaging, the 
interference as such, originating from the same frequency 
band and from the same area, from adjacent cells or from 
cellular networks of other operators, operating according 
to a -different radio access technique is reduced. 

Moreover, due to the interference averaging between uplink 
an/or downlink, asymmetric resource allocation between 
transmission directions can advantageously be achieved. 
Thus, the present invention provides an advantageous 
alternative to the principle of dynamic channel allocation 
DCA. Nevertheless, the present invention can be applied in 
combination with the principle of DCA. Stated in other 
words, in this invention, DCA may additionally be applied 
to average other interference phenomena acting on the cell. 
Such interference averaging can, for example, be effected 
by using channel coding and an error control technique 
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known as interleaving. Interleaving is a technique for 
changing burst errors into random error. If part of the 
contents of transmitted data is lost during transmission, 
errors can be corrected by a channel decoder at the 
reception side. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in 
greater detail by way of example with reference to the 
accompanying drawings, in which: 

Fig. 1 illustrates an example of the assignment of time 
slots TS [ j ] within a frame F for uplink and/or downlink 
transmission in conventional TDD/TDMA transmission; 

Fig. 2 illustrates an example for a situation of base 
stations BS1 and BS2 having a different time division for 
uplink and downlink, respectively, and which are therefore 
asymmetr ic ; 

Fig. 3 illustrates an example of frames for two base 
stations BS1, BS2 operating according to different radio 
access techniques ; 

Fig. 4 shows an example for time hopping within consecutive 
TDD frames for downlink transmission according to the 
present invention; 

Fig. 5 shows an example for time hopping within consecutive 
TDD frames for uplink transmission according to the present 
invention; and 

Fig. 6 shows an example for rime hcppir.g within consecutive 
TDD frames for downlink and uplink transmission according 
to the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention are 
described herein below in detail with reference to the 
drawings . 

Recently, in TDD frames, time slots were fixedly and time 
invariantly assigned for uplink/downlink transmission 
between a base station BS and respective mobile stations 
MS. Thus, in each TDD frame, there was an uplink par t and a 
downlink part . 



Accord ing to the present invention, however 
cell or for each respective base station BS 
^is done oy gj^^all time ..slots and there is no 
uplink and/or downlink part in the frame. 

That is, in case time hopping is performed for downlink 
transmission, only uplink transmission has fixedly 
allocated time slots. On the other hand, in case time 
hopping is performed for uplink transmission, only downlink 
transmission has fixedly allocated time slots. Moreover, if 
time hopping is performed for uplink and downlink 
transmission, none of the transmission directions has 
fixedly allocated time slots within a frame, and neither a 
downlink part nor an uplink parr is present . 

The figs. 4 to 6 illustrate the present invention with 
reference to subsequent frames F[i] and F[i+1] occurring 
during respective consecutive time periods tl and t2 . 

It is assumed for the following explanation that the 
frames/time slots refer to uplink and downlink transmission 
of an individual base station 3S provided for one cell. The 
arrows depicted between respective consecutive frames and 
the respective time slots are intended for indicating the 
time hopping for a transmission direction (UL/DL) between 



, within one 
, time_Jvqgging 
longer an 
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the base station BS and a respective mobile station MS. It 
has to be noted that each time slot in which a transmission 
occurs designates a transmission between the base station 
BS and respective different mobile stations MS. In 
particular, due to time hopping being performed according 
to the present invention, the time slot during which a 
transmission between the base station BS and a respective 
mobile station MS is performed can change with each new 
frame. 

Fig- 4 shows an embodiment of the present invention for the 
case in which transmission in uplink direction UL is 
performed in fixedly allocated time slots TS . However, with 
regard to downlink transmission DL, time hopping is 
performed. This means that the downlink transmission 
between the base station BS and respective mobile stations 
MS takes place in a different time slot in each frame. That 
is, time hoping for downlink transmission DL is performed 
among and limited to those time slots TS [ j ] which are not 
occupied by uplink transmission UL. 

In general, time hopping for downlink transmission is 
performed such that the data transmission from the base 
station BS to a respective one of mobile stations MS during 
a time slot TS[1] in a first frame F[i] is shifted to a 
time slot TS [ k ] , with 0 < k, I < n-1 and k * 1, in a 
subsequent frame F[i+1]. 

In the specifically depicted embodiment according to Fig. 
4 , uplink transmission UL occurs in each frame in time 
slots TS[j) with j=[0,3,6]. Furthermore, in the example as 
shown in Fig. 4, TS[1] is shifted to TS[2], TS [ 2 ] is 
shifted to TS[4], TS [ 4 ] is shifted to TS [ 1 ] , TS [ 5 ] is 
shifted to TS[7], and TS [ 7 ] is shifted to TS [ 5 ] . 

Apparently, three rime slots TS [ j ] are used for uplink 
transmission, while five time slots TS [ j ] are used for 
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downlink transmission. Thus, an asymmetric resource 
allocation of available transmission capacity for the 
respective transmission directions is advantageously 
realized . 

Fig. 5 shows a further embodiment in which transmission in 
downlink direction DL is performed in fixedly allocated 
time slots TS . However, with regard to uplink transmission 
UL, time hopping is performed. It has to be noted that the 
principles for time hopping as explained above with regard 
to Fig. 4 in connection with time hopping for downlink 
likewise apply to the case shown in Fig. 5, which depicts 
time hopping for uplink transmission. 

In the specifically depicted example according to Fig. 5, 
downlink transmission DL occurs in each frame in time slots 
TS[j] with j=[2,4,5,7]. Furthermore, in the example as 
shown in Fig. 5, TS [ 0 ] is shifted to TS(3], TS [ 1 J is 
shifted to TS[6], TS [ 3 ] is shifted to TS[1], and TS [ 6 ] is 
shifted to TS ( 0 ] . 

In addition, in the example according to Fig. 5, four time 
slots are assigned for uplink and downlink transmission, 
respectively. Hence, in this example, the resource 
allocation is chosen to be symmetric. 

Fig. 6 shows a further embodiment according to the present 
invention, according to which time hopping is performed 
over all time slots TS [ j ] within subsequent frames F[i]. 
Thus, neither downlink nor uplink transmission is performed 
in fixedly allocated time slots in subsequent frames. Also 
in this example, three time lots TS are used for 
transmission in uplink direction, i.e. from a respective 
one of mobile stations MS to the base s-ation BS of a cell, 
while five time slots TS are allocated for donwlink 
transmission. Therefore, also according io the example 
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depicted in Fig. 6, an asymmetric resource allocation is 
adopted . 

In detail, time hopping for uplink transmission UL is 
performed such that TS [ 0 ] is shifted to TS [ 2 ] , TS[3] is 
shifted to TS [ 4 ] , and TS [ 6 ] is shifted to TS [ 7 ] in the 
frames F[i] and F[i+i] illustrated. Moreover, as regards 
downlink transmission DL , time hopping is performed such 
that TS[1] is shifted to TS [ 3 ] , TS [ 2 ] is shifted to TS [ 1 ] , 
TS[4] is shifted to TS[0], TS[5] is shifted to TS [ 6 ] , and 
TS[7] is shifted to TS [ 5 ] . 

The time hopping (i.e. hopping between time slots in 
consecutive frames) can be performed according to a 
predefined pseudo-noise sequence. This sequence is known by 
the respective transmitter and the receiver (similar to the 
frequency sequence in connection with frequency hopping in 
GSM). Timing advance TA (due to the distance between the 
base station BS and a respective mobile station MS) is then 
controlled by the base station BS according to the base 
station measurements. Timing advance control is thus not 
much more difficult than in the case in which time hopping 
is not implemented, with respect to one base station BS, 
the time hopping sequences are orthogonal. This means that 
the sequences are such that there is no interference 
between connections (of plural mobile stations MS to the 
base station) or between uplink UL or downlink DL . In this 
regard as to orthogonality, time hopping is similar to 
dynamic channel allocation DCA with respect to one base 
station BS . 

Generally, in a TDMA network the mobile stations MS must 
adjust their timing advance due to run rime differences. 
These run time differences occur as a result of different 
transmission path lengths within the cell if the mobile 
station MS moves relative to the base station BS. 
Therefore, it is not possible for a mobile station to start 



SUBSTITUTE SHEET (RULE 25) 



WO 99/63686 _ _ PCT/EP98/03218 

- 14 - 

uplink transmission immediately after the time slot for 
downlink reception . 

Some TDMA terminals, however, may be able to support 
simultaneous reception and transmission. For example, this 
may be the case in a system operating according to 
GSM/HSCSD (HSCSD = High Speed Circuit Switched Data) with 
multislot transmission. If such terminals are implemented 
in the system, it depends on the capability of the mobile 
station MS, if the mobile station is able to simultaneously 
receive and send, whether uplink transmission may be 
started immediately after the time slot for downlink 
reception (or vice versa). 

The above described examples of the present invention have 
been described with reference to consecutive frames 
transmitted at a specific frequency which the base station 
can use. It should however be noted that the present 
invention of time hopping within TDD frames can be combined 
with a case in which frequency hopping is performed. In 
such a case, the above examples will still remain valid, 
with the exception that a frame F[i] is physically 
transmitted at a different frequency than the subsequent 
frame F[i+1]. The different frequency can be selectively 
changed and can be chosen among the number of frequencies 
available for the respective base station BS. 

As described above, adopting time hopping within TDD frames 
according to the invention reduces interference by 
averaging the occurring interference. The interference 
averaged may originate from the same band and from the same 
area, or the interference may come from adjacent cells or 
from networks operated by other operators. Due to averaging 
the interference between uplink and downlink, asymmetric 
resource allocation between transmission directions can be 
achieved . 
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The invention is applicable in case of TDMA and CDMA/TDMA 
networks. In systems operating according to the principle 
of CDMA/TDMA (TD-CDMA: time division CDMA), several users 
can share one time slot by using different spreading codes. 

However, when such systems are operated in TDD mode, it has 
to be noted that it is possible to have only uplink or 
downlink transmission in one slot. This means, that it is 
not possible to allocate one code for downlink and one code 
10 for uplink within one time slot. 

When implementing the invention, the used radio transceiver 
,n devices BS, MS are adapted to be controlled in the above 

N described manner. In particular, base station transceiver 

TJ 15 devices BS will be controlled by means of a base station 
f/1 controller device BSC, the control function of which may be 

Yi provided in a separate device or implemented as a part of 

the base transceiver station BS. Mobile radio transceiver 
y* devices MS will be controlled on the basis of the control 

lZ 20 signals transmitted, for example, via the FACCH , SDCCH or 
U SACCH channels between the base station BS and the mobile 

!rf station MS. 

It should be understood that the above description and 
25 accompanying figures are only intended to illustrate the 
present invention by way of example only. The preferred 
embodiments of the method may thus vary within the scope of 
the attached claims. 
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